Studies have shown that rats' rates of levE3r pressing for lowconcentration liquid-sucrose reinforcers in the first half of an experimental session are higher if food-pellet, rather than the same sucrose, reinforcement will be delivered in the second half. Experiment 1 investigated whether this induction effect would be altered if subjects were provided with an external "clock" (i.e., stimuli that changed as the period of food-pellet reinforcement approached). Induction was not altered by the clock. Experiment 2 investigated whether subjects' might be internally timing the upcoming food pellets. Subjects responded in sessions in which pressing the left and right lever was reinforced in the first and second half, respectively, of the session and the switch in reinforcement between halves was unsignaled. Delivering foodpellet reinforcement in one half of the session altered the timing functions, but induction in responding for 1 % sucrose was still observed. Experiment 3 investigated whether induction might then be the result of a disruption in timing . It partially replicated the procedure of Experiment 2, but also had subjects respond in conditions in which timing the switch in reinforcement between halves was not necessary. Similar results were observed across conditions in which timing was and was not required . These results question the idea that timing is involved in the appearance of induction. They suggest that some other mechanism, such as a change in the value of the sucrose, is behind the effect.
experimental session are higher when food-pellet reinforcement will be available in the second half of the session than when the same sucrose reinforcement will continue to be available. This increase qualifies as an induction effect because the change in responding in the first half of the session varies directly with the conditions of reinforcement in the second half (i.e., food pellets represent an increase in reinforcement value over low-concentration sucrose reinforcers; see Weatherly, Plumm, Smith, & Roberts, 2002 , for a more detailed explanation), rather than inversely as might be expected if a contrast effect were to be observed (see Flaherty, 1996 , for a discussion of contrast effects). Furthermore, the increase in responding in the first half of the session occurs despite the conditions of reinforcement in that half remaining constant across conditions. This positive induction effect has been shown to be reliable and relatively large. It occurs across a number of procedural variations (e.g., Weatherly et aI., 2001; Weatherly et aI., 2002) and occurs at the individualsubject, as well as the group, level (Weatherly et aI., 1999) . In terms of its size, when rats respond for 1 % sucrose, the increase in responding typically exceeds a 100% increase in the rate of responding over that observed when food pellets are not upcoming (i.e., to when sucrose reinforcers will remain available in the second half of the session). investigated whether positive induction was the outcome of subjects emitting anticipatory responses for the food pellets prior to the pellets becoming available, thus inflating the overall rate of responding for sucrose. They conducted three experiments which, together, supported two conclusions. The first was that rats did indeed make anticipatory responses for the upcoming food pellets. The second was that the presence of these anticipatory responses alone could not account for induction.
The present experiments were designed to investigate a related possibility, namely that the rats are "timing" the availability of the food pellets. Determining if timing plays a role in the appearance of induction is important for several reasons. For one, if timing is involved, then it becomes possible to predict when the effect will or will not be observed. Secondly, determining the role timing plays will potentially identify the environmental factors important in the appearance of the effect. Lastly, the role timing plays will also have theoretical implications. That is, a successful explanation of induction will need to explain how timing mechanisms contribute (or do not contribute) to the effect.
The present study was designed under the premise that, if timing of the food-pellet reinforcement contributes to the induction effect, then it should be possible to influence the presence, size, and/or pattern of induction by manipulating factors related to the timing of the upcoming food pellets. Experiment 1 investigated this premise by providing subjects with an external "clock" that provided information regarding the temporal delay to the upcoming food-pellet reinforcement. However, it is also possible that subjects are timing internally. Experiment 2 tested this possibility by measuring subjects' time discrimination when food-pellet reinforcement was or was not upcoming. Experiment 3 further pursued this idea by measuring the effect of upcoming food-pellet reinforcement under conditions in which time discrimination was or was not necessary.
Experiment 1
In Experiment 1, rats pressed a lever for 1 % liquid-sucrose reinforcement during the first half of the 50-min session. In the control condition, 1 % sucrose reinforcement was also delivered in the second half of the session. In the treatment conditions, a food pellet served as the reinforcer in the second half. Treatment conditions differed in terms of what stimulus cues were provided during the first half of the session. In one, the red/left light above the lever was constantly illuminated throughout the first half of the session. In another, the red/left light flickered slowly at the beginning of the session and, across successive 5min intervals, the flicker rate increased. In the final treatment condition, the light flickered quickly at the beginning of the first half of the session and the rate decreased across successive 5-min intervals.
If timing contributes to the appearance of induction, then one could predict that the induction observed in the treatment sessions in which a "clock" is provided should differ from that observed in the treatment session in which no "clock" is provided (i.e. , the stimulus light is constantly illuminated). Specifically, the size of induction should be lessened in the presence of stimuli temporally distant from the food-pellet reinforcement and heightened in the presence of stimuli that directly precede it. Furthermore, it should be possible to demonstrate that the "clock" stimuli (i.e., flicker rate) exert stimulus control over behavior. To test this idea, separate probe sessions were conducted after each type of condition in which responding was measured when the stimulus light flickered at its slowest and fastest rate (i.e., the stimuli furthest and closest, temporally, to the food-pellet reinforcement) . If the "clock" stimuli exert stimulus control, then one should be able to produce low and high rates of responding by presenting subjects with the stimuli that indicate that food-pellet reinforcement is temporally distant or soon to be available, respectively.
Method
Subjects. The subjects were 6 experimentally experienced male Sprague-Dawley rats originally obtained for the Center for Biomedical Research on the campus of the University of North Dakota. Subjects were approximately 15 months of age at the beginning of the experiment and each had previous experience lever pressing for 1 % liquid-sucrose and food-pellet reinforcement delivered by a random-interval (RI) schedule. Subjects were housed individually and were maintained at approximately 85% of their free-feeding body weight. Because subjects were experimentally experienced, their 85% weights had been previously established. Those weights were continuously maintained by postsession feedings or by a daily feeding on days that sessions were not conducted.
Subjects had water freely available (only) in the home cage. They experienced a 12:12 hr lightdark cycle, with lights on at 0700 hr. All sessions were conducted during the light portion of the cycle.
Apparatus. Subjects responded in a standard operant chamber for rats (Coulbourn Instruments) that measured 30.5 cm (L) by 25.0 cm (W) by 28.5 cm (H). Two 3.5-cm-wide by 0.1-cm-thick response levers were located on the front panel. Each lever was 6.5 cm above the grid floor, with one 2.5 cm from the left wall and the other 2.5 cm from the right wall. Each lever could be depressed by a force of approximately 0.25 N. Only the left lever was used in the present experiment. Centered on the front panel, 2 cm above the grid floor, was a 3.3-cm-wide by 3.8-cm-high by 2.5-cm-deep opening that allowed access to a trough into which reinforcers could be delivered. Liquid reinforcers were delivered to the trough via a syringe pump that was located outside of the apparatus. Food-pellet reinforcers were delivered to the trough via a pellet dispenser located behind the front panel. A panel that contained three stimulus lights was located 5 cm above each lever. Each light was 0.6 cm in diameter. The middle (yellow) light was centered on the panel, with a red and a green light located 0.6 cm to the left and right, respectively. A 1.5-cm diameter houselight was centered on the back panel, 2.5 cm below the ceiling.
Procedure. Because subjects were experimentally experienced, they were placed directly on the experimental procedure. They responded in 50-min sessions. During the first 25 min, pressing the left lever was reinforced with 0.2 ml of 1 % liquid-sucrose (v/v with tap water) delivered by a RI 60-s schedule. Reinforcers were scheduled at a probability of 0.01 every 0.6 s, unless a reinforcer had already been programmed. In that instance, the interreinforcer interval did not advance until the programmed reinforcer was collected. During the second 25 min, pressing the left lever was also reinforced on a RI 60-s schedule, with reinforcers programmed identically to those in the first 25 min. At the midpoint of every session, the new interreinforcer interval was initiated. Thus, if a reinforcer had been programmed in the first half of the session but not collected, it was canceled. In both halves of the session, neither the interreinforcer interval nor the session timer advanced during reinforcer delivery. The houselight was continuously illuminated throughout the session.
Subjects responded in four types of conditions. In one (1%-1%), 1% sucrose served as the reinforcer in both halves of the session. In this condition, the red/left light above the left lever was constantly illuminated during the first half of the session, except during reinforcer delivery. At the midpoint of the session, the red/left light above the lever was extinguished and the green/right light was illuminated. The green/right light remained illuminated throughout the remainder of the session, except during reinforcer delivery.
The second condition (1 %-FP) was identical to the first, with the exception that, during the second half of the session, the reinforcer was a 45-mg food pellet (P. J. Noyes, Formula All). As in the 1 %-1 % condition, the red/left light above the lever was constantly illuminated during the first half of the session and the green/right light was illuminated during the second half.
The third condition (1 %-FP DES) was identical to the 1 %-FP condition with one exception. During the first half of the session, the red/left light above the lever flickered between on and off. During the first 5 min of the session, the light alternated between being illuminated and being extinguished every 0.2 s (i.e., it was illuminated 5 times per s). Across successive 5-min intervals of the first half of the session, the flicker rate was systematically altered in descending fashion. The light alternated between on and off once every 004, 1.0, 2.0, and 4.0 s during the second, third, fourth, and fifth 5-min intervals, respectively, of the first half of the session. Beginning at the midpoint of the session, the red/left light was extinguished and the green/right light was illuminated.
The fourth condition (1 %-FP ASC) was identical to the 1 %-FP DES condition with the exception that the flicker rate changed in an ascending, rather than a descending, fashion. Across the first half of the session, the red/left light above the left lever alternated between illuminated and extinguished every 4.0, 2.0, 1.0, 004, and 0.2 s during the first, second, third, fourth, and fifth 5-min interval, respectively.
Each condition was conducted for a total of 20 sessions, with sessions conducted once per day 5 to 6 days per week. Of the 6 subjects, 3 experienced the following order of conditions: 1 %-FP DES, 1 %-FP, 1 %-1 %, and 1 %-FP ASC. The remaining 3 subjects experienced the reverse order of conditions.
After the 20th session of each condition, subjects responded in two 25-min probe sessions in which 1 % sucrose was delivered on a RI 60-s schedule. In one, the red/left light above the lever alternated between on and off every 0.2 s throughout the probe session; in the other it alternated every 4.0 s (i.e., the fastest and slowest flicker rates, respectively). Between the two probe sessions, subjects responded in two 50-min sessions that were identical to the first 20 sessions of that particular condition. Technically, probe sessions were conducted on Sessions 21 and 24 of each condition. The order of probe session was alternated for each subject across successive conditions, with 3 receiving the "slow" probe session first and the other 3 receiving the "fast" probe session first. The assignment of probe session order differed from the assignment of condition order (i.e., Subjects 1001-1003 & 1004-"1006 received different condition orders whereas the odd and even numbered subjects received different orders of probe sessions). Figure 1 presents the rates of responding across successive 5-min intervals of the 50-min session during each of the four conditions. Each function represents the mean rate of responding for all subjects calculated using Sessions 16 -20 of each condition. Response rates are plotted on a logarithmic ordinate so that differences in responding at low rates of responding are visually apparent. The error bars represent one standard error of the mean across subjects responding during that particular 5-min interval. The data in Figure 1 suggest that upcoming food-pellet reinforcement reliably produced an induction effect, but that the induction was not altered by the presence of the clock stimuli. Results from statistical analyses were consistent with these impressions. Response rates (not logarithms) across the first half of the session were analyzed by conducting a two-way (Condition x 5-min interval) repeated measures analysis of variance (ANOVA). Results of all analyses were considered significant at p < .05. Results showed that the main effect of condition, F(3, 15) = 7.75, p = .002, main effect of 5-min interval , F(4, 20) = 17.62, P < .001, and interaction between condition and 5-min interval, F(12, 60) = 3.52, P = .001, were significant. A follow-up two-way (Condition x 5-min interval) repeated measures ANOVA, which was identical to the first with the exception that data from the 1 %-1 % condition were excluded, resulted in a significant main effect of 5-min interval, F(4, 20) = 17.58, P < .001. However, the main effect of condition (F < 1) and interaction term (F < 1) were not significant, indicating responding did not differ with the presence or order of, respectively, the clock stimuli. Figure 2 presents the rates of responding across successive 5-min intervals of the probe sessions. Each graph presents the results from the probe sessions conducted subsequent to a particular condition. Each function represents the mean rate of responding for all subjects during the probe session in which the red/left light above the lever flickered slowly (closed squares) or quickly (open squares) . The error bars again ...
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... represent the standard error of the mean across subjects responding in that particular 5-min interval. The data in Figure 2 also provide little evidence to suggest that the clock stimuli exerted stimulus control over behavior. The data in Figure 2 were analyzed by conducting a three-way (Condition x Flicker rate x 5min interval) repeated measures ANOVA on the response rates of individual subjects. The results showed that both the main effect of condition, F(3, 15) = 4.80, P = .015, and main effect of 5-min interval, F(4, 20) = 6.85, P = .001, were significant. This analysis yielded no other significant effects. An additional three-way (Condition x Flicker rate x 5min interval) repeated measures ANOVA, identical to the prior analysis except that data from the probe sessions following the 1 %-1 % condition were excluded, resulted in a significant main effect of 5-min interval, F(4, 20) = 6.88, P = .001. However, no other effects were significant, further indicating that responding was not controlled by the presence of particular stimuli.
The results of Experiment 1 question the idea that induction occurs because subjects are timing the availability of the upcoming food pellets. Although induction was observed, it was similar across conditions in which subjects were or were not provided with an external "clock" in the first half of the session. Furthermore, differential responding was not observed in probe sessions. If subjects were sensitive to the specific flicker rates that immediately preceded food-pellet reinforcement in the 1 %-FP DES and 1 %-FP ASC conditions, then those stimuli should have produced different rates of responding in the probe sessions following those conditions. That is, response rates should have been higher when the light flickered slowly than when it flickered quickly subsequent to the 1 %-FP DES condition. The opposite results should have been observed subsequent to the 1 %-FP ASC condition. Neither result was observed. Analysis of the probe sessions did, however, spotlight the influence of the type of condition that proceeded the probe sessions. Response rates were higher in probe sessions that followed the 1 %-FP treatment conditions than in the probe sessions that preceded the 1 %-1 % control condition .
Although the results of Experiment 1 question the idea that induction can be influenced by providing subjects with a "clock," they do not rule out the idea that subjects' timing of the upcoming food pellets plays a role in the appearance of induction. It is possible that subjects were using some internal timing mechanism and disregarded the "clock" stimuli that were provided. The fact that response rates increased across the 25-min probe sessions conducted after each of the treatment conditions (i.e., when food-pellet reinforcement had consistently been available after 25 min) would seem to support this idea. Experiment 2 pursued this possibility.
Experiment 2
If subjects are internally timing the availability of the upcoming foodpellet reinforcement, then it should be possible to empirically document that they are doing so. Furthermore, it should also be possible to determine whether their timing is altered by food-pellet reinforcement relative to when sucrose reinforcement is available in both halves of the session. To do so, Experiment 2 was modeled after a procedure that has been used to test theories of timing (e.g., Bizo & White, 1994a , 1994b .
Subjects in the present experiment responded in 50-min sessions in which responding on the left lever was reinforced on a RI 60-s schedule in the first half of the session and responding on the right lever was reinforced on a RI 60-s schedule in the second half. Importantly, the switch between active levers at the midpoint of the session was not signaled . Thus , by measuring changes in the proportion of responses that occur on the two levers across the session, one can empirically document subjects' ability to time reinforcer availability. Furthermore, by providing sucrose or food-pellet reinforcement in one or both halves of the session, it becomes possible to determine how timing is changed by the presence of a qualitatively different reinforcer in the other half of the session .
Method
Subjects and apparatus. The subjects were 6 experimentally experienced male Sprague-Dawley rats. The subjects were not those used in Experiment 1, but were obtained from the same source. They also had similar experimental experience. SUbj' 9cts were housed and maintained as described in Experiment 1. They responded in the same apparatus used in Experiment 1.
Procedure. Because subjects were experimentally experienced, they were placed directly on the experimental procedure. Subjects responded in 50-min sessions in which responding on the left lever was reinforced on a RI 60-s schedule during the first half of the session and responding on the right lever was reinforced on a RI 60-s schedule during the second half. Reinforcers were programmed as described in Experiment 1. Also as in Experiment 1, if a reinforcer had been programmed but not collected at the midpoint of the session, it was canceled and the new interreinforcer interval was initiated. The red/left light above each lever was illuminated throughout the session, except during reinforcer delivery.
Four conditions were conducted . In one (FP-FP), a 45-mg food pellet served as the reinforcer in the first and second half of the session. In a second (1 %-1 %) , 0.2 ml of 1 % liquid sucrose sen/ed as the reinforcer in the first and second halves. In a third (1 %-FP) , 1 % sucrose was the reinforcer in the first half of the session and a food pellet was the reinforcer in the second half. In the fourth condition (FP-1 %), a food pellet was the reinforcer in the first half of the session and 1 % sucrose was the reinforcer in the second. Each of these conditions was conducted for 20 consecutive sessions, with sessions conducted once per day, 5 days per week. Of the 6 subjects, 3 experienced these conditions in the order they are described above. The remaining subjects experienced the reverse order of conditions. Figure 3 presents the timing functions in each condition. It presents the proportion of total responses that occurred on the right lever (which delivered reinforcement in the second half of the session) across successive 5-min intervals in the session. Each function was calculated using the mean rates of responding for all subjects responding on each lever. The mean response rates were calculated using the final five sessions of each condition. The vertical dashed line symbolically separates the first from the second half of the session. The horizontal dashed line represents the point in which equal responding is occurring on both levers. In other words, it can be considered the point of subjective equality (PSE) for responding on the different levers.
Results and Discussion
Perfect timing would occur if the proportion of responding went from o in the fifth 5-min interval to 1.0 in the sixth 5-min interval. Figure 3 demonstrates that actual responding differed dramatically from this pattern. In the 1 %-1 % condition, subjects had a response bias for the left lever. The PSE was not reached until the eighth 5-min interval (e.g., 35 -40 min into the session), a full 10 min after reinforcement had switched from the left to the right lever. Perhaps the best timing was observed in the FP-FP condition, when the PSE was surpassed between the sixth and seventh 5-min interval. A similar pattern was observed in the FP-1 % condition, although subjects had a response bias for the left lever (which was used to collect the food pellets in the first half of the session). Of most interest, however, is the function that was observed in the 1 %-FP condition. In this condition, the PSE was crossed between the third and fourth 5-min intervals. These results are consistent with those of , who found that rats emitted responses for the food pellets before the pellets became available. They also suggest that, if subjects were "timing" these responses, they were poor timers. Subjects were emitting the majority of their responses on the right lever 10 min prior to food-pellet reinforcement becoming available on that lever. This bias for responding on the right lever would, intuitively, seem to lower the likelihood of observing induction for responding on the left lever during the same time period. Figure 4 , however, demonstrates that subjects still displayed positive induction in the 1 %-FP condition. It presents the rate of responding across successive 5-min intervals in the session for each condition. Each function represents the mean rate of responding for all subjects 100 responding on the active lever in each half of the session (i.e., the left lever in the first five 5-min intervals and the right lever in the final five 5min intervals) . Otherwise, it was constructed as was Figure 1 . As can be seen in Figure 4 , response rates for 1 % sucrose were higher in the first half of the 1 %-FP condition than in the 1 %-1 % condition. Induction was also observed in the second half of the session in the FP-1 % condition.
Rates of responding for 1 % sucrose in the second half of those sessions were higher than in the 1 %-1 % condition. Results from statistical analysis were consistent with these visual impressions. Response rates on the left lever during the first half of the 1 %-1 % and 1 %-FP conditions were analyzed by conducting a two-way (Secondhalf reinforcer x 5-min interval) repeated measures ANOVA. Results showed that the main effect of second-half reinforcer, F(1, 5) = 13.88, P = .014, main effect of 5-min interval, F( 4, 20) = 3.16, P = .036, and interaction term, F( 4, 20) = 3.86, P = .018, were each significant. Tests fOlr simple effects indicated that the changes in response rates across the first half of the session were significant in the 1%-1% condition, F(4, 20) = 4.51, P = .009, but only approached significance in the 1 %-FP condition, F{4, 20) = 2.72, P = .059.
They also indicated that rates of responding were higher in the 1 %-FP, than in the 1 %-1 %, condition during the second, third, fourth, and fifth 5-min intervals, all Fs(1 , 5) ~ 8.88, p:5 .031). Response rates did not differ during the first 5-min interval.
A second two-way (First-half reinforcer x 5-min interval) repeated measures ANOVA was conducted to compare response rates on the right lever during the second half of the 1 %-1 % and FP-1 % conditions. Results showed that the main effect of first-half reinforcer, F(1, 5) = 6.64, P = .05, main effect of 5-min interval, F(4, 20) = 4.54, P = .009, and interaction term, F(4, 20) = 3.29, P = .032, were each significant. Tests for simple effects indicated that response rates changed across the second half of the session in the FP-1% condition, F(4, 20) = 4.29, P = .011, but not in the 1 %-1 % condition (F<1). Furthermore, rates of responding were significantly higher in the FP-1 %, than in the 1 %-1 %, condition during the seventh, F(1, 5) = 6.64, P = .05, and tenth, F(1, 5) = 8.09, P = .036, 5-min intervals, with the difference approaching significance in the eighth, F(1, 5) = 6.34, P = .053, and ninth, F(1, 5) = 4.54, P = .086, intervals.
At first glance, the results of Experiment 2 would seem to question the idea that induction when food-pellet reinforcement is upcoming is related to subjects' timing. Figure 3 indicates that the PSE for responding on the different levers was moved earlier in the session when food pellets would (i.e., 1 %-FP condition), versus when they would not (1 %-1 % condition), be delivered in the second half of the session. This shift in the PSE would suggest that, when food-pellet reinforcement was upcoming, subjects switched from responding for sucrose to responding for the food pellets well before the end of the first half of the session. However, as can be seen in Figure 4 , despite the shift in the PSE, upcoming food-pellet reinforcement still increased response rates for the 1 % sucrose in the fi rst half of the session. In other words, despite the fact that pressing the right lever began to occur at substantial rates in the first half of the session when food pellets would be the reinforcer in the second half, the rate at which sucrose-reinforced responses occurred on the left lever in the first half also increased.
It is not clear how timing can account for these results. However, it is possible that the role of timing has been misidentified. That is, to this point, it has been assumed that the appearance of induction may somehow be linked to the subjects' timing of the upcoming food pellets. Instead, induction might represent an instance in which the rats' ability to time has been disrupted and/or distorted. The results in Figure 3 support this interpretation. Furthermore, the induction effect observed in the 1 %-FP condition did not occur because subjects' rates of responding for 1 % sucrose increased across the first half of the session. Rather, the effect occurred because response rates failed to decrease as they did across the first half of the session in the 1 %-1 % condition. The failure of response rates to decrease may be further evidence that subjects' time discrimination was somehow inhibited. Although this explanation seems unlikely, Experiment 3 was conducted to rule it out.
Experiment 3
Experiment 3 had subjects respond in sessions in which timing was or was not necessary. More specifically, subjects in Experiment 3 responded in conditions identical to the 1 %-1 % and 1 %-FP conditions in Experiment 2 that required subjects to discriminate the shift in reinforcement at the midpoint of the session. Additionally, subjects also responded in 1 %-1 % and 1 %-FP conditions in which only one lever was present in the chamber during each half of the session. If the results of Experiment 2 occurred because of some disruption of timing, then one would expect a different pattern of results to be observed in the conditions that did not require timing.
Method
Subjects and apparatus. The subjects were 6 experimentally experienced male Sprague-Dawley rats that were approximately 14 months of age at the start of the experiment. They were not those used in either Experiments 1 or 2. However, they were originally obtained from the same source and had a similar experimental history. Subjects were housed and maintained as were those in Experiment 1. Subjects responded in an experimental chamber identical to the one used in Experiment 2 with the exception that both levers could be retracted from the chamber.
Procedure. The subjects responded in a total of four conditions. One (1%-1% IN) was identical to the 1%-1% condition described in Experiment 2. The second (1 %-FP IN) was identical to the 1 %-FP condition in Experiment 2. The third (1%-1% RE) was identical to the 1%-1 % IN condition with the exception that the right lever was retracted from the chamber during the first half of the session and the left lever was retracted during the second half. The fourth (1 %-FP RE) was identical to the 1 %-FP IN condition with the exception that the inactive lever was retracted from the chamber during each half of the session.
Of the 6 subjects, 3 experienced the following order of conditions (which were randomly determined prior to the experiment): 1%-1% RE, 1%-1% IN, 1%-FP RE, an9 1%-FP IN. The remaining 3 subjects experienced these conditions in the reverse order. Again, conditions were conducted for 20 consecutive sessions, with sessions conducted daily, 5 days per week. Figure 5 presents the timing functions observed in the 1 %-1 % IN (solid squares) and 1 %-FP IN (open squares) conditions. It was constructed identically to Figure 3 . Also presented are the timing functions observed in the 1 %-1 % and 1 %-FP conditions in Experiment 2 (dashed lines). As can be seen in Figure 5 , subjects in Experiment 3 had a slight, but consistent, bias to respond on the left lever relative to subjects in Experiment 2 (i.e., the functions are shifted slightly upward on the ordinate) . Otherwise, the pattern of results between experiments is very similar. If anything, one could argue that subjects' timing was more disrupted by upcoming food-pellet reinforcement in Experiment 3 than in Experiment 2 given that the PSE was reached earlier in the first half of the session of the 1 %-FP condition in Experiment 3 than in Experiment 2. Figure 6 presents the rates of responding on the active lever in each half of the session in the four conditions of Experiment 3. It was constructed similarly to Figure 4 . Two findings are apparent in Figure 6 . First, upcoming food-pellet reinforcement produced induction. Rates of responding for 1 % sucrose reinforcement in the first half of the 1 %-FP conditions were higher than in the first half of the 1 %-1 % sessions. Second, similar results were observed between conditions in which the procedure did (IN conditions; solid lines) or did not (RE conditions; dashed lines) require temporal discrimination between the different halves of the session. Results from statistical analyses were consistent with these conclusions. A three-way (Discrimination x Second-half reinforcer x 5-min interval) repeated measures ANOYA was conducted on the response rates in the first half of the session. It resulted in a significant main effect of second-half reinforcer, F(1, 5) = 11.76, P = .019, indicating that upcoming food-pellet reinforcement produced induction in responding for 1 % sucrose. The interaction between second-half reinforcer and 5-min interval was also significant, F(4, 20) = 4.75, P = .007. No other main effects or interactions were significant.
Results and Discussion
To follow up the significant interaction, separate two-way (Discrimination x 5-min interval) repeated measures ANOYAs were conducted on the 1 %-1 % and 1 %-FP conditions. The analysis of the 1 %-1 % conditions yielded no significant results. Neither did the analysis of the 1 %-FP conditions. Together, these results indicate that upcoming food pellets altered responding in the first half of the session, but that alteration did not differ as a function of whether or not subjects had to time the availability of the upcoming food pellets. Thus, although the results of Experiment 3 do not rule out the possibility that induction occurs because the upcoming food pellets disrupt some mechanism that helps control behavior, they do argue against the idea that such a mechanism involves timing.
General Discussion
Previous studies on induction in responding for sucrose when foodpellet reinforcement is upcoming within the same session had left open the possibility that the induction was somehow related to the subjects timing the availability of the pellets. The three present experiments found little evidence to support this idea. Experiment 1 provided subjects with external timing cues that reliably signaled the temporal proximity of the food-pellet reinforcement. The results, however, demonstrated that subjects' behavior was little influenced by the presence or absence of these cues . Experiment 2 demonstrated that upcoming food-pellet reinforcement altered subjects' temporal discrimination in the absence of any external time cues. However, induction was observed despite this alteration. Experiment 3 not only replicated the results of Experiment 2, but also found similar induction effects across procedures that did or did not require temporal discrimination.
The present results, especially those of Experiments 2 and 3, are consistent with the conclusions· forwarded by . They argued that subjects may, and often do, emit "anticipatory" responses for the upcoming food-pellet reinforcement prior to its availability. However, upcoming food-pellet reinforcement increases response rates for 1 % sucrose independently of tllese responses. That is, Weatherly et al. concluded that "anticipatory" responses for the food pellets may augment the size of the induction effect, but cannot account for the effect itself. The present results solidify this conclusion.
The pressing question is, if timing does not playa role in induction, what does? Recent research from our laboratory (Weatherly, Arthur, Palbicki, & Nurnberger, 2004) has suggested that induction is in fact linked to a change in the reinforcing value of the sucrose reinforcement because it is paired with upcoming food-pellet reinforcement. Results from their Experiment 1 demonstrated that rats displaying induction in responding for 1 % sucrose would acquire a novel operant response more quickly and completely when 1 % served as the reinforcer for that new response than would subjects not displaying induction. Their Experiment 2 demonstrated that a similar result occurred when the new response was learned in a novel environmental context, suggesting that induction was not the outcome of stimulus control exerted by the experimental chamber. Their Experiment 3 demonstrated that rats displaying induction did not emit a higher rate of unconditioned responding on a new task than subjects not displaying induction, eliminating the possibility that the increased acquisition occurred because the subjects displaying induction were simply more active than subjects that were not. Finally, their Experiment 4 found no significant differences in the rates at which rats displaying or not displaying induction acquired a novel response when 0.15% saccharin was used to reinforce the new response, indicating that the increased rates of acquisition in their Experiments 1 and 2 were linked specifically to the value of the sucrose reinforcement.
Induction as the outcome of an increase in the value of the sucrose is also consistent with the present results. If such an increase occurred when rats were displaying induction, then similar induction effects should have been observed in all three treatment conditions of Experiment 1 because the presence or absence of the clock stimuli would be independent of such an increase. Similar effects were observed. This explanation could also account for the increased, but similar, response rates for sucrose in the probe sessions following the treatment conditions (i.e., because the sucrose had a similar value after each treatment condition, which was higher than after the baseline condition). The induction observed in Experiments 2 and 3 of the present study may have also occurred because the value of the sucrose had been increased. The shift in the timing functions in Figures 3 and 5 may have been controlled (at least partially) by the impending availability of the food-pellet reinforcement whereas the induction present in Figures 4 and 6 may have been the result of an increase in the value of the sucrose.
Future research will need to address whether such an explanation can fully account for positive induction. It will also need to pursue the mechanism that potentially produces an increase in the value of the sucrose if indeed that explanation remains viable. The value of the current data, however, lies in the conclusion that whatever mechanism is ultimately identified as the cause for positive induction, it is not likely to involve rats' ability to time the availability of the upcoming reinforcer.
